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® Production of L-amino acids by transamination. 

® A process is described for producing alpha amino acids 
or derivatives thereof. The process comprises reacting an al- 
pha-keto acid with L-aspartic acid in the presence of transami- 
nase enzyme to produce (1) an alpha amino acid correspond- 
ing to said alpha-keto acid and (2) oxaloacetate; and decarbo- 
xylating said oxaloacetate. 

Also decribed is a process for producing L-amino acids 
directly from the corresponding D, L-amino acid racemic mix- 
ture. The process comprises reacting said D, L-amino acid mix- 
G| ture in admixture with a D-amino acid oxidase and a transami- 
^£ nase in the presence of a suitable amino group donor. 
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/] Docket #35039 CIP 

PR n m TrTTON O F t.— rmtno ACTDfi BY TRANSAMINATION 
This invention relates to the production of alpha amino 
acids and derivatives thereof, and in particular, to the 
production of L-amino acids and their derivatives by 
transamination between L-aspartic acid and alpha-keto acid j 
compounds corresponding to the desired amino acids. ShS. ! 
jn^nHon a ] R n relates ^ i-hP conversion of D, TrnHlInO acids tp j 

T ,- am inn acid n in » "tep Process l i ning D-amino gc-xd oxidase | 

t n rnn«>rt t h - ™ ^Cld « ?-^0 ^rhOXYUC ^13 Slid then I 

11F . i T? f T i-hp f, ra n o»min^ e to convert the 2~W> rarhoxvlir- ac i d tP j 
Tram^ nQ acid. j 

nn^teftrmmd of the invention 

Amino acids currently have application as additives to 
animal feed, nutritional supplements for human food, components 
in infusion solutions, and synthetic intermediates for the 
manufacture of pharmaceuticals and agricultural chemicals. 
L-glutamic acid is used as a flavor enhancer for food with a 
world market of over 1 billion dollars annually. L-lysine and 
methionine are large volume additives to animal feed, and 
L- tryptophan and L-threonine have similar potential applications. 
L-phenylalanine and L-aspartic acid have very important markets 
as key components in the manufacture of the sweetener aspartate, 
infusion solutions require a range of amino acids including those 
essential in human diets. 
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Methods currently in use for the production of amino 
acids include extraction, chemical synthesis followed by 
resolution, fermentation and enzymatic synthesis (biocatalysis) . 
Jhe L -form of the amino acid is required f n r mosf » p r1 ^ M „ nfT 
but certa i n amino acids are mnnh morg Pagjlv nrorinced in th ? 
cacemig D, L form r^t-her than the r,-f nrm . Extraction procedures 
require extensive purification of the amino acid of interest from 
protein hydrolyzates. with chemical synthetic methods, normally 
a racemic mixture is formed, and the resolution to produce the 
optically active product is often costly and inefficient. 
Fermentation, while overcoming many of the disadvantages inherent 
in the previously mentioned methods, suffers from problems of 
slow rates of conversion, dilute solutions, costly purifications, 
and very high capital costs. Biocatalysis offers the potential 
for lower cost production in many cases primarily because of the 
significantly reduced capital requirements, lower purification i 
costs due to the absence byproducts in the product stream, and j 
higher rates of conversion of substrates to products because j 
fewer enzymatic steps are involved. 

Some biocatalytic processes are currently in use. For 
example, L-aspartic acid is produced in commercial quantities by j 
the reaction of fumaric acid with ammonia in the presence of the j 
enzyme aspartase. See Tosa et al, appI. mr-mhim, 21, 886-9 
(1974). L-phenylalanine can be produced by enzymatic synthesis 
from cinnamic acid and ammonia using the enzyme 
phenylalanine-ammonia lyase. L-alanine can be synthesized from 
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L-aspartic acid by enzymatic decarboxylation. See U.S. Patent 
Nos. 3,458,400 and 3,463,704. These processes are useful for the 
production of the individual amino acids listed. However, none 
of these processes is based on a general enzymatic technology 
broadly applicable to the production of many amino acids. 

One enzymatic process broadly applicable to the 
production of many amino acids is described in U.S. Patent No. 
3,183,170. in the process of U.S. 3,183,170 L-glutamic acid and 
a keto acid are combined with transaminase to produce alpha-keto 
glutaric acid and L-amino acid. The alpha-keto glutaric acid is 
continuously reduced .to L-glutamic acid in the presence of a 
multi enzyme system, hydrogen gas, and a nitrogen source, such as 
inorganic ammonium salt, organic ammonium salt, ammonium 
hydroxide, ammonia gas, or urea. The L-glutaraic acid thus 
produced is recycled thus enabling the production of large 
amounts of L-amino acid with a small quantity of L-glutamic acid. 
However, this multienzyme system is difficult to operate on a 
commercial scale because it requires the cofactor NAD/NADH which 
is expensive, hydrolytically unstable and sensitive to oxygen and 
to light. 

A commercial proc P f*g for the resolution Of D, L-amino 

^iris ciirr»nTi Y exist s . T - Tosa . Biotech. B i oeng . 9. 603, 
MQfi7) ; t, Phihata ai . . Methods. Enzvmol . , 44 r 746 Q976>). 
Tn the ptnHMa. the n.T-amino acid is reacted with acet i c 
anhyriride rn produce rh» n . r.-N-acvl -amino ac i d. React i on W i th I 
frh« ensvmP T-rnn^no ac f* unvlaae from porcine kidney or the funqUS 
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Aspergillus orvzae specif ically hy n r o lvzes only the T.-m-^ y1 

amino ac i d, producing a 1;1 mixture of the des i red T-^j no fl ^ ifl 
and unreacted D-N-acv l amino acid . These pro ducts arP sep arated 

and the unreacted D-Kracvl amino acid is rac e mized and recy cled I 

J 

throuqh the process. — starting with the w- acvi amino ac \A. ty I 

Process requires three discrete ste p s: enzyme cataly^ | 
hYdrO l VRjs Of the T . -N-acvl amino acid, physical s eparation n-F «-h * I 
L -aminO acid from t he D-N-acvl a m i n o acid and racemization of fh » i 
P-N-aCV l amino acid for recycling th r ough the process. 

I 

Summary of the Invention 

The present invention provides an enzymatic process ^ 
capable of producing many alpha amino acids from the readily 
available L-aspartic acid (or L-aspartate) . In the process of 
the present invention, L-aspartic acid and an alpha-keto acid are i 
reacted in the presence of a transaminase to form L-amino acid ! 
and oxaloacetate, followed by decarboxylation of said ; 
oxaloacetate to form pyruvic acid. The decarboxylation of 
oxaloacetate drives the reaction to completion. Yields of 95% or 
more of the desired L-amino acid are readily obtained. The 
by-product, pyruvic acid, is readily separated from the L-amino 
acid and is highly marketable. ; 

The i nvention also provides a method f Qr com^r^n g ! 
Df L -affl i nO acids into L-amino acids in a sing l e step. m the j 

process of the present invention, an enzyme d- ami no ac id oxidase, j 
is used to convert the D-amino acid in the D.T- m ixtures to th ,e j 
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correspon d i n g ^ket o acid. The 2 -KetQ ac i d I S i n turn 

transamipated enzymatica l ly' to the corresponding L-aminP ac i d i n 
the same mixture. The two-e nzvm e catalyzed reactions occur i n a 
single process step, thus p r oduci ng T,-amino ac i ds d i rectly and in 
high yie ld from D.L-amino acids. 

The conversion of D-amino acids to 2-ketO acids using 
D-amino acid oxida s e has been described bv Ni l SSOn et al« i n 
A P P i. Bioch^m. Riotechnoi., 7, 47-9 (1982). — see also Brodelius 

et al.. topi. Bioche m . Biotechnol. 6, 293-308 (198 1 ) and Fink et 
ai.. AichB svtdd. ser. 74, is-24 (1978). However f there has been 

no suggestion for using D -amino ac i d oxidase COUP l ed with a 
transaminase to convert D-^L- amino acid mixtures directly to 
L- amino acids. 

Detailed Descript ion of the Invention 

In accord with this invention a class of enzymes known as 
transaminases (aminotransferases) catalyze the general reaction: 



RI-CH-CO2H 
I 

NH 2 

L-amino acid A 

rZ-C-COoH 
11 

o 

2-Keto acid B 



Ri-C-CC^H 
0 

2-Keto acid A 
+ 

r2-CH-C0 2 H 
NH 2 

L-amino acid B 
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By choosing the proper 2-keto acid precursor B, a d&sired 
L-aroino acid B can be produced by transamination using another 
L-araino acid A as the amino donor. As a byproduct of the 
reaction, a second 2-keto acid A is produced along with the 
desired L-araino acid B. The advantages of this transamination 
technology are: 

1. L-amino acids are produced specifically. 

2. The 2-keto acid precursors are conveniently available 
from chemical synthesis. 

3. The rates of reaction are relatively rapid. 

4. The capi±al costs are lower than for a fermentation 

process. 

5. The technology is general because transaminases with ! 
varying selectivities are available, e.g. aromatic amino acid 
transaminases, branched chain amino acid transaminases, 
transaminases specific for amino acids having acidic side chains, 
etc. Such transaminases can be prepared, for example, from the I 
following microorganisms: Escherichia coli (E. coli) , Bacillus ! 
subtilis, Achromobacter eurydice, Klebsiella aerogenes, and the ! 
like. Transaminases useful in the practice of this invention are! 
also described by H.E. Umbarger in Annual r*v. B j OG h«» m . r vol. 47 , j 
pp. 533-606 (1978) . 

The single greatest disadvantage of this general method 
is that the equilibrium constant for the transamination reaction I 
as written above is about 1.0. As a result, the yield of the \ 
desired amino acid for the reaction as written will never exceed 
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approximately 50%. The key to the development of a commercially 
successful transamination process for the production of amino 
acids is overcoming the problem of incomplete conversion of 
2-keto acid B to the desired L-amino acid B. 

This problem is solved by the present invention by using 
L-aspartic acid as the amino donor (L-amino acid A) and by 
converting the byproduct (2-keto acid A), i.e. oxaloacetate, by 
an irreversible reaction, decarboxylation, to pyruvic acid. 

Preferably, the irreversible decarboxylation of 
oxaloacetate is coupled to the transamination reaction. Thus, 
the transamination reaction is driven to completion, as shown 
below: 

Co 7 H COoH transaminase C0 2 H C02 H 
I I ^ I I 
H-CNH 2 + C=0 ^ C=0 + H-C-NH 2 

I I I ' 

CH 2 R CH 2 R 

C0 2 H C0 2 H 

decarboxylation 
CH3COCO2H + CO2 

By coupling the decarboxylation of the oxaloacetate to 
the transamination reaction in accord with this invention, the 
production of L-amino acids in high yield can be obtained by this 
biocatalytic method. Using this method, the conversion of the 
2-ketoacid precursor B to the desired L-amino acid B in yields 
approaching 100% have been achieved. 

The decarboxylation of oxaloacetate can be catalyzed 
either thermally; chemically by various metal ions, amines and/or 
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acids; or preferably enzymatically by the enzyme oxaloacetate 
decarboxylase (OAD) E.C. 4;1.1.3. Oxaloacetate decarboxylase 
from any source can be used. Examples of sources of oxaloacetate 
decarboxylase useful in the practice of the present invention 
are, for instance, Micrococcus luteus, renamed from Micrococcus 
lysodeikticus (see Methods in EnzYmoloay 1, 753-7 (1955) which is 
incorporated by reference, Pseudoraonas putida (see Biochenu 
Biophys. Acta ££, 381-3 (1964) which is hereby incorporated by 
reference) , and Azotobacter vinelandii (see J. Biol, chem. 180 , 
13 (1949) which is hereby incorporated by reference), etc. Also, 
any other enzyme haying an oxaloacetate decarboxylase activity j 
but not usually regarded as an "oxaloacetate decarboxylase" may | 
be used such as, for instance, pyruvate kinase, malic enzyme, 
etc. The activity of oxaloacetate decarboxylase can be enhanced 
by adding metal ions such as, for example, Mn ++ , Cd ++ , Co ++ , 
Mg ++ , Ni ++ , Zn ++ , Fe ++ , Ca ++ and the like. 

The process of this invention can thus be used for the 
production of a large variety of L-amino acids by choosing the 
proper 2-keto acid precursor and an enzyme capable of 
transaminating it with L-aspartic acid. For example, the amino 
acid L-phenylalanine, a key component in the manufacture of the 
sweetener aspartame, has been prepared by this method in high 
yield from phenylpyruvate and L-aspartic acid using a 
transaminase isolated from E. coli and an oxaloacetate 
decarboxylase isolated from either Pseudomanas putida or 
Micrococcus luteus. Similarly, using these same enzymes. 
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p-hydroxyphenylpyruvate was converted into L-tyrosine, 
indole-3-pyruvate or 3- (3-indolyl) pyruvic acid has been converted 
into L- tryptophan, and 2-oxo-4-methylpentanoic acid has been 
converted into L-leucine, and 4-phenyl-2-oxobutanoic acid has been 
co n ve rt ed i ntQ L-4-ph?nyl-2-flrcinQbutanQic acid* By using 
transaminases with different specificities, 

2-oxo-3-methylpentanoic acid was transaminated to L-isoleucine, 
2-oxo-3-methylbutanoic acid to L-valine, pyruvic acid to 
L-alanine, 3-hydroxypy ruvate to L-serine, glyoxylic acid to 
glycine, and 2-oxo-4-thiomethylbutanoic acid to L-methionine. 

Thus, R in the keto acid starting material RCOCO2H can be 
selected from a wide variety of substituents including, for 
example, hydrogen, substituted and unsubustituted lower alkyl, 
substituted and unsubstituted lower aryl, and heterocyclic 
groups. 

The term "lower alkyl" as used herein means both straight 
and branch chain alkyl groups having from one to about six carbon 
atoms. Substituted lower alkyl groups means lower alkyl groups 
substituted with hydroxy, mercapto, carbamoyl, carboxy, amino, 
amidino and R'-thio (where R' is lower alkyl) groups such as 
found in natural amino acids. 

The term "lower aryl" as used herein means phenyl and 
benzyl groups. Substituted lower aryl groups includes phenyl and 
benzyl groups substituted with groups such as those listed above 
for lower aklyl. 

Heterocyclic groups as used herein means 
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■ 4- i m i da 7 ;py1 methyl , ^ indo ylmethvi . and ^"nn f l 

Examples of such R ■ groups suitable for the practice of 
the present invention include: hydrogen, methyl, isopropyl, 
isobutyl, sec-butyl, benzyl, phenyl-1- (methyl thio) ethyl, 
hydroxy methyl, mercaptomethyl, p-hydroxy benzyl, p- hydroxy phenyl, 
carbamoylmethyl, carbamoyl ethyl, aminobutyl, amidinoaminopropyl, 
indolyl, 3-indoylmethyl, imidazoyl, 4-imidazoylmethyl, and the 
like. 

The byproduct of the decarboxylation of oxaloacetate, 
pyruvic acid, is a valuable commerical product and can be 
recovered from the pjroduct stream by any method described in the 
prior art, such as acidification and distillation., ion exchange, 
solvent extraction, and the like. 

In accord with another em ho^ m o n t of i-h iR in vgn^n ^ 
c l ass of enavmefl Known as n-amino acid nv-^ fi o S r p..r. t a } 

Cata l yze the general rAsnH p n shown i. n fich^f. 1 t 

O 

— — °2 \ X 

R^^C0 2 H + NH 3 + H 2 0 2 

2 ~ Keto Acid 

Th i s enzyme reaction nnn be conned to th» -ran^i^o, 
react i on to produce T . -f t rcino acids fron, r*^ m ^ w ±^ r ^ ^ 
PrL-amJno flr j dn , n ancord with the following ra tion ^t,,^, 
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H x^NHo H ^NH 2 

[ L - Amino Acid] [L - Amino Acid] 

/TV 



+ 



L-Asp or L-Glu 
Transaminase 



H 2 N v H 0 
D-Amino Acid Oxidase II 

R x^\c02H — > R^ v ^C0 2 H 

°2 

[D - Amino Acid] 12 - Ketoacid] 

Molecular oxygen is illustrated in the above reaction scheme as a 
hydrogen acceptor for D-amino acid oxidase, producing hydrogen 

peroxide as a byproduct. 

However/ other h ydrogen acceptors such as dves can also 

be .usedt 

D-amino acid oxidase can be obtained from anv source 
for use in this invention. Examples include porcine kidney f 

Trigonopsis variabillis. fungi of the genus Candida, and the 
like. The D-amin o acid oxidase from porcine kidnev has been well 
characterized and an acco unt of the properties of this enzyme can 
be found in A. Mei ster and D. willner. The Enzymes, 1> 634 
(1963) . Other enzymes useful in the practice of the present 
inventio n are those having more substrate specificity such as 
p-aspartate oxidase (E.C. 1. 4.3.1) and D-glutamate oxidase (E.G. 
1.4-3.7), Such en zymes will be referred to collectively herein 
as D-ami no acid oxidase u nless a more specific enzvme is used. 
The enzvme from porcine kidnev is preferred for use in this 
inventio n because it has a broad substrate specificity, acting on 



all D-ami no acids except those with acidic and basic side chains. 
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It h&S a specific activity ranging fr o m 20-60 micromoles product 
Produce d per minute Pe r m illigram of protein, depending on which 
D-arcino acid is chosen as substrate. Ox y gen is the moat 
effect i ve e l ection acceptor, but certain dyes can also be used 

With l QWer efficiency, The enzyme is not inhibited by L-amino 

ecids or amino acid amines, but is competitively in h ibited to 
varying degrees by 2-keto acids and 2-hvdroxyacids, 

Appropriate amino group donors for the transamination 
reaction COUPled to the D-aipino ac id oxidas e reaction arp 
L-glutantic acid and Tr-aspartic a cid. Beth of these amino acids 
are refltUlY available and inexpensive. Pre ferably. Trasnartln 
agjd is used as the amino donor (T.-aniino a cid A) anrt <-he 
byproduct (2-ketP acid A), i.e. oxaloacetat e is converted by an 
irreversible reaction, decarboxylat ion, to pyruvic acid. 

Hydrogen Peroxide accumulation has bee n shown to 
inactivate enzvmes (Greenfield et al.. Annl . Biochem. 65. 109 
(1375)7 and can also cause the decomposition of 2-ketoacids. To 
. Pro l ong the half-life Of active enzvme in the coupled caralyhif 

system and prevent ketoacid decomposition, the h 2 o 2 produced in 
the Step catalyzed bv D-amino acid oxidase c an be removed hv any 
Of. several methods for decoupling H 2 o 2 well known bv those 
skilled in the arfr. 

One method involves the use of the eny. y me cata1a.se,. 
Wh l gh Catalyzes the disproportion a tion of H 2 o 2 to molecular 
OXVqen and water as shown in the reaction! 
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Catalase 

h 2 o 2 : ^ H 2 0 + 1 O2 

' , 2 

ratalase is co mmercially available from mammalian liver 
J or Aspergillus niaer. with the Aspergillus nioer catalase showing 

! better stability. The use o f catalases has the added advantage 

lj 

that the disproportionate produces one molecule of Q ? for e v e EY 
I! two molecules of h 2 Q2 generated. Singe Q2 is the initial 

ii 

electron acceptor for D- amino acid oxidase , its production bv 

i 

disproportiontion of k 2 °2 bv catalase helps suppIv the oxygen j 

requirement for the oxidation of D-amino acids and partially j 

I 

j alleviates the problem of transfer of oxygen from air across a 
gas-liquid interface, catalase, however , is slowly inactivated j 
fry F 2 °2 as well- A second method for removal of H 2 Qo involves j 

its decomposition by any of sever al metallic oxides. The USS Of j 

metal oxides, preferably manganese oxides such as MngQy either 
with or without catalase, offers substantial stability for 
D-amino acid oxidase, transaminase , and other enzymes used in the j 
practice of this invention. ! 

Thus, the R group in the D, L-amino acid starting 

i ! 
material can be selected f rom a wide variety of substituents 

including, for exa mple, hydrogen, substituted and unsubstituted j 

lower alkyl. substituted a nd unsubstituted lower arvl, and ! 

heterocyclic groups, which are d efined above. j 

j 

The enzymes can be added to the reaction mixture in j 

I 

whole cells, crude cell lysates, as partially purified enzyme or j 
purified enzyme. Preferably purified enzymes are used, either 
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immobilized or in solution, because the conversion rates per unit 
of enzyme are higher. The 'enzymes can be purified by techniques 
well known to those skilled in the art. Examples of purification 
of oxaloacetate decarboxylase from Micrococcus luteus and 
Pseudomonas putida are described by Herbert, Methods %r\ 
Enzymology 1, pp. 753-57 (1955) and by Morton et al., Biochem. 
BiophVS, ACtfl, ££, pp. 381-83 (1964). 

The enzymes can be used in solution or as immobilized 
enzymes, as aforesaid, in the practice of this invention. One 
example of an immobilized enzyme system is described by Weetall 
et al., Methods in" Enaymo] Ogy 2£, pp. 59-72 (1974), which is 
hereby incorporated by reference. Weetall et al. describe a 
method for immobilizing enzymes on gl ut a r aldehyde activated 
controlled pore glass beads (Corning) . 

in accord with this method, transaminase was coupled to j 
the glass particles by reacting the enzyme with the activated j 
glass particles at 0-5°C for 2 hours in a phosphate buffer J 
solution having a pH of 7.0. The coupled enzyme can be used 
directly or first reacted with 1% sodium borohydride to stabilize; 
the covalent link between the enzyme and the activated glass. 

Other suitable substrates for immobilizing enzymes for 
the practice of this invention include porous ceramic, sepharose, ! 
diethylaminoethyl cellulose, and the like. These substances can 1 
be activated, if desired, by techniques well known in the art. 

The oxaloacetate decarboxylase is either immobilized ; 

separately, or first mixed with the transaminase and the mixture : 

i 

i 
t 
i 
i 

i 
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co- immobilized. Glass beads on which the enzymes had been | 

i 

covalently attached by the -af oredescribed procedures were 
suspended in a solution containing 10 mM phenylpyruvate, 10 mM 
L-aspartic acid, 1 mM MgCl2 or MnS0 4 , pH adjusted to the range j 
4.0-10.0 and most preferably between 5.5 and 8.5. When all the 
'[ phenylpyruvate had been consumed, the solution was filtered away 
!j from the glass beads and the products L-phenylalanine and pyruvic : 
acid isolated and purified by conventional methods. 

The p-amino acicj oxidase and transaminase mav also be 
immobilized separately or first mixed together and co- immobilized 



as a mix t ure. Tn like manner , catalase and/or oxaloacetate 
decarboxylase mav also be e ither immobilized separately or mixed 
with the other enzymes and the mixture co- immobilized. 

immobiliza tion supports to which the enzymes have been 
attached can be suspended in a solution containing D,L-amino 
acid, an a mino donor preferably L-aspartic acidt and PYCidoxal 
phosphate (as a cof actor fo r the transaminase) with the pH 
adjusted to the range 2.0 t o 12.0 and most preferably between 5*5 : 
and a. 5. and the s olution incubated at a temperature between 4°C 

and 50°C and most p referably between 15°C and 40°C. The reaction 

can be monitored either by polarimetry o r bv measuring the 
consumption of L-aspartic acid. When the optical rotation of the 1 
solution has cease d changing or no further consumption of 
L-aspartic acid is noted, th e solution is filtered awav from the , 
immobilized enzyme and the L-amino acid is isolated and purified 
by any me thods in the prior art such as precipitation. j 
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grYSta lli r,atjOn> ion exchange chromat ography- and hhP 

The reaction of L-aspartic acid to produce L-amino acids 
and pyruvic acid can be monitored if desired, a general assay 
which is applicable to the assay of all transamination reactions 
using L-aspartic acid as the amino donor regardless of the 2-keto 
acid precursor that is used is the following: L-aspartic acid, & 
2-keto acid, transaminase, NADH, and the enzyme malic 
dehyrogenase (available commercially) are dissolved in solution 
of phosphate buffer as a pH between 6.0 and 9.0; the change in 
the absorbance at 340 nm (A 340 ) with time is measured. This 
change in the absorbance at 340 nm corresponds to the consumption 
of NADH during the reduction of oxaloacetate,, formed from 
L-asparate during the transamination reaction. 

As an alternative, for instance, the conversion of 
phenylpyruvate to L-phenylalanine can be conveniently assayed by ! 
taking aliquots from the reaction mixture containing, for 
instance, transaminase, phenylpyruvate, L-aspartate, oxaloacetate 
decarboxylase, and metal ions, diluting them into a solution of 
2.5% sodium hydroxide in water (w/v) , and measuring the 
absorbance at 320 nm. Dilution into sodium hydroxide causes 
rapid achievement of the equilibrium between the keto and enol 
forms of phenylpyruvate. The extinction coefficient at 320 nm .' 
for the equilibrium mixture is 17500 M -1 cm~l. Thus, the 
conversion of phenylpyruvate into L-phenylalanine can be 
quantitated rapidly. This asssay can be corroborated by 
measuring L-phenylalanine qualitatively by paper chromatography 
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41 



and quantitatively using an amino acid analyzer. 

Similar techniques ' can be used to assay for the 
conversion of other 2-keto acids into the corresponding L-amino 
acids. The transamination of p-hydroxyphenylpyruvate to 

i 

L-tyrosine can be monitored by diluting aliquots removed from the ' 

! 

reaction mixture into 2.5% NrOH and measuring the absorbance at i 
331 nm (extinction coefficient of 19900 m" 1 cm" 1 , and the j 
conversion of indole- 3 -pyruvate into L- tryptophan can likewise be j 
followed by measuring the absorbance at 328 nm (extinction j 
coefficient of 10000 M" 1 cm" 1 ) . j 
The invention will now be further illustrated by the j 
following examples which are given here for illustrative purposes j 
only and are not intended to limit the scope of the invention. j 

i 

! 

Example 1 Preparation of Aromatic Acid Transaminase 

E. coli K-12 maintained on L-broth plates was innoculatedj 
into 2.0 liter shake flasks containing 500 ml of the medium 
listed below: 



KH 2 P0 4 
K 2 HP0 4 
(NH4) 2SO4 
MgS04 

Na3 (citrate) -2H20 
♦Trace Metals 
Glucose 

♦Preparation of Trace Metals Solution 



5 g/Liter 
5.56 g/liter 
2 g/liter 
75 mg/liter 
1 g/liter 
3 ml/liter 
10 g/liter 
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Metal sal to. 


Amount 


Final concentrafcagnp 


FeCl 3 '6H 2 0 


27 g/1 


300 uM 


ZnCl 2 


1.3 g/1 


3 0 uM 


CoCl 2 *6H 2 0 


2 g/1 


25 uM 


Na 2 MoC>4 '2H 2 0 


2 g/1 


25 UM 


CaCl 2 *2H 2 0 


1 g/1 


20 uM 


CuCl 2 '2H 2 0 


1.27 g/1 


22 uM 


H3BO3 


0.5 g/1 


24 UM 


HC1 (cone) 


100/ml/l 


3.6 uM 



Growth was at 37 C for 15 hours. These flasks were used 
to innoculate 14 liter Biolafitte fermenters (1 liter of shake 
flask culture into 7 liters) containing 7 liters of the growth 
medium listed below: 

KH 2K>4 2.0 g/liter 

K 2 HP0 4 3.6 g/liter 

— ____y®4>2S0 4 750 mg/ liter 

Na 3 (citrate) -2H 2 0 1 g/liter 

Trace metals _ 3 ml/ liter 

Pump in glucose as needed. 

Growth was at 37°C with aeration at 300 rpm and the pH 
was maintained at 6.9 by titration with ammonium hydroxide. The 
cells were harvested by centrif ugation at 4000 rpm and frozen at 
-10°c until needed. 
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Purification of the Aromotic Acid Transaminase i 
All steps were carried out at 4°C. Centrif ugations j 
were carried out in a Sorvall RC2B centrifuge. I 

1. E. coli K-12 cells (80g wet weight) were 
resuspended in 200 ml of an aqueous buffer solution r pH 7.0, \ 
containing 200 mM potassium phosphate, ImM 
ethylenediaminetetraaccetic acid (EDTA) disodium salt, ImM 
beta-mercaptoethanol, ImM pyridoxal phosphate, and 0.02% 
(weight/volume) sodium azide. The cells were sonicated using a 
Heat Systems - Ultrasonics Cell Disruptor with 4 one minute 
bursts, power setting 9, The cell debris was separated by 
centrif ugation at 12,000 rpra for 20 minutes. 

2. The crude extract (supernatant from step 1) was 
made 1.25% weight/volume in streptomycin sulfate by adding the 
appropriate amount of a 40% streptomycin sulfate solution 
prepared in the buffer of step 1. The mixture was stirred slowly 
for 20 minutes then centrif uged at 12,000 rpm for 20 minutes. 
The precipitate was discarded. 

3. The protein in the supernatant from step 2 was 
f ractioned by the addition of ammonium sulfate. Crystalline 
ammonium sulfate was added with stirring until a concentration 
40% of saturation was attained and the protein precipitate was j 
centrif uged and discarded. Additional ammonium sulfate was added; 
with stirring until a concentration 70% of saturation was 
attained and the protein precipitate was centrifuged, collected, ! 



I 
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and redissolved in the minimum amount of a buffer, pH 6.5 , 
containing 0.03 M sodium phosphate , lmM 
ethylenediaminetretraacetic acid disodium salt, lmM 
beta-mercaptoethanol, and 0.02% (weight/volume) sodium azide. 
This solution was dialyzed against 2 liters, of the same buffer 
(18 hours, 2 changes of buffer) . 

4. A DEAE-cellulose column (Whatman DE-52, 1.6 x 30 
cm) was equilibrated with the buffer from step 3. The sample was 
loaded on the column and washed until no more protein could be 
detected in the effluent as measured by the OD 2 80 <<0.02) . A 0 - 
0.5 H NaCl linear gradient was established, 250 ml total volume, 
flow rate = 4 ml/10 minutes/fraction. Transaminase activity 
eluted between 0.09 and 0.2 M NaCl and was pooled and dialyzed 
against 2x2 liters of a buffer, pH 6.5, containing 0.03 M 
sodium phosphate, lmM ethylenediarainetetraacetic acid disodium 
salt, lmM beta-mercaptoethanol, 0.02 mM pyridoxal phosphate. 

5. The transaminase solution was loaded onto a column 
of hydroxyapatite (2.6 x 30 cm) and equilibrated in the dialysis 
buffer of step 4. The transaminase activity was not retained by 
the column and was concentrated to approximately 4 ml using an 
Amicon ultrafiltration apparatus with a YM 30 membrane. 

6. The concentrated transaminase from the previous 

j 

step was loaded onto a Sephacryl s-200 column, 2.6 x 90 cm, in a j 
solution of 0.05 M Tris pH 8.0, 0.02 mM pyridoxal phosphate, lmM 
ETDA, and lmM beta-mercaptoethanol. Elution with the same buffer \ 
gave a band of transaminase activity eluting soon after the void i 
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volume. This material was stored at 4°C and was stable for at 

least 4 months. 

Oxaloacetate decarboxylase can be prepared from J 

Micrococcus luteus, Pseudomonas putida f or the like, by similar j 

procedures as is well known in the art. ! 

i ■: 

Example 2. preparation of L-Phenylalanine I 
| To 0.8ml of pH 7.0 solution consisting of 50mM potasium ; 

j phosphate buffer, 12.5mM phenylpyruvate, 25mM L-aspartic acid, 
| 1.25mM manganese sulfate, 5niM pyridoxal phosphate, and 1.5 

! international unit's of oxaloacetate decarboxylase was added 0.2ml 

i 

t of a solution at pH 7.0 containing 0.3 international unit (IU) of - 

i j 

transaminase. Both immediately, and after incubation at 22°C for j 
12 hours, the reaction mixture was assayed for phenylpyruvate. 

i 

The level of conversion was calculated to be 98.5% based on the 
amount of phenylpyruvate converted. Amino acid analysis of the 
reaction mixture showed only two peaks corresponding to 
L-phenylalanine and unreacted L-aspartic acid. No other amino j 
acid products were detected. I 

| 

| Example 3. immobilization of transaminase and 
oxaloacetate decarboxylase 

An aqueous solution of 2.0ml of 50mM potassium phosphate, 

pH 8.0, containing 1.5 units of transaminase and 5.4 units of j 

i 

oxaloacetate decarboxylase isolated from Micrococcus luteus was 
added to 5ml of DEAE-celulose gel (Whatman DE-52) previously 
equilibrated to pH 8.0 in 50mM phosphate buffer. After gentle 
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agitation for 5 minutes, assaying* for both the transaminase and 
the oxaloacetate decarboxylase indicated that the enzymes had 
been adsorbed on the DEAE-celulose and the remaining solution was 
decanted from the gel. 

Example 4 ,. Alternative Preparation of L- Phenylalanine 

To the immobilized enzyme preparation of Example 3 were 
added solutions of potassium phosphate, 50 mM, p h 8.0, 2.0 ml ; 
phenylpyruvate^OmM, 0.5ml; 1-aspartate, 50mM, 0.5 ml, and manganese sulfate, 
10 mM, 1.0 ml. After a 12 hour incubation, the assay indicated a level of 
conversion of phenylpy ruvate to L-phenylalanine of 96%. This was 
confirmed by the detection of L-phenylalanine by paper 
chromatography using an elution solvent of 
n-butanol : acetone : ammonium hydroxide :water 5:3:1:1. 
Determination of the amino acid content of the reaction mixture 
using a Dionex amino acid analyzer showed only two detectable 
peaks corresponding to L-phenylalanine and L-aspartic acid. 

The L-phenylalanine was purified using BioRad AG 50 1X8 
20-50 mesh mixed bed ion exchange resin. The crude reaction 
mixture at pH8.0 was passed down a column of the resin previously 
equilibrated to the same pH and the column was eluted first with 
2 column volumes of water and then 50 mM potassium phosphate 
buffer, Ph 8.0. Phenylalanine can be recovered from the eluent i 
by lyophilization or by acidification and crystallization. 
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Example 5, Alternative Preparation of L-Phenylalanine 

A 19 ml solution of 50mM potassium phosphate containing 
0.5mM pyridoxal phosphate r ImM MnS0 4f 5 international units of 
transaminase isolated from E. coli, 10 international units of 
oxaloacetate decarboxylase isolated from Micrococcus luteus, 50 
iaM phenylpyruvate , and 65 mM L-aspartic acid was incubated at 12 
hours at 24°C. At the end of this time, quantitation of the 
amount of phenylpyruvate by removing a 50 microliter aliquot, 
diluting to 1.0ml with 2.5% NaOH, and reading the optical density 
at 320 nm indicated that all of the phenylpyruvate had been 
converted to L-phenl alanine. Paper chromatography on Whatman 3 MM 
paper using butanol : ace tone: ammonium hydroxide :water 5:3:1:1 as 
eluent, followed by. staining with 5% ninhydrin dissolved in 
acetone, showed only two ninhydrin active spots corresponding to 
unreacted L-aspartic acid and to L-phenylalanine. 

Example 6. Preparation of L-Tyrosine 

A solution buffered at pH 7.0 by 50mM potassium phosphate 
containing MgS04, ImM; p-hydroxyphenylpyruvate, lOmM; L-aspartic 
acid, 10mM; transaminase, 0.1 rag/ml; and oxaloacetate 
decarboxylase isolated from pseudomonas putida (ATCC 950), 0.1 
rag/ml was incubated for 1 hour at 24°C. At the end of this time, 
assay indicated that no p-hydroxyphenylpyruvate remained. 
Quantitation of the amount of L-t'yrosine produced by the 
injection of an aliquot in a Dionex amino acid analyzer gave a 
yield of 99% on a molar basis from p-hydroxyphenylpyruvate. 
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The L-tyrosine and the pyruvic acid so produced can be 
purified by a method similar to that used for L-phenylalanine in 
Example 4 or other methods well known in the art. 



Example 7t Preparation of L-Tryptophan 

A solution of indole-3-pyruvate, 20mM; L-aspartic acid 
20mM; MgCl 2 / 1.5mM; transaminase, 0.3 mg/ral; oxaloacetate 
decarboxylase, 0.3 mg/ml buffered to pH 7.0 with 5mM 
tris-hydroxymethylaminomethane hydrochloride (Tris) was stirred 
slowly for 2 hours. At the end of this time the reaction is 
complete. The L-tryptophan and pyruvic acid produced can be 
purified by methods well known in the art. 

Example ft . Preparation of L-Leucine 

A solution containing MgCl2r 2,5 mM; 
-2-oxo-4-methylpentanoic acid, 100 mM; L-aspartic acid, 100 mM; 
transaminase, 1.0 mg/ml; oxaloacetate decarboxylase, 1.0 mg/ml, 
pH adjusted to 7,0 with NaOH, was stirred slowly at 30°C for 4 
hours. The L-leucine and the pyruvic acid formed can be purified 
by any methods well known in the art. 

Example 9, Preparation of L- Valine j 
A solution containing MgCl2f 2.5 mM; j 
2-oxo-3-methylbutanoic acid, 100 mM; L-aspartic acid, 100 mM; I 

i 

transaminase, 1.0 mg/ml; oxaloacetate decarboxylase, 1.0 mg/ml, j 
pH adjusted to 7.0 with NaOH, is stirred slowly at 30°C for 4 
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hours. The L-valine and the pyruvic acid formed can be purified 
by any methods well known in the art. 

T rample 10 . Preparation of L-Serine 

A solution containing MgCl2r 2.5 mM; 3-hydroxy pyruvate , 
100 mM; L-aspartic acid, 100 mM; transaminase, 1.0 mg/ml; 
oxaloacetate decarboxylase, 1.0 mg/ml, pH adjusted to 7.0 with 
NaOH-is stirred slowly at 30°C for 4 hours. The L-serine and the 
pyruvic acid formed can be purified by any methods well known in 
the art. 

flxa flip^e ii. preparation of- L-Methionine 
A solution containing MgCl2r 2.5 
mM .-2-oxo-4-thiomethylbutanoic acid, 100 mM; L-aspartic acid, 100 
mM; transaminase, 1.0 mg/ml; oxaloacetate decarboxylase, 1.0 
mg/ml, pH adjusted to 7.0 with NaOH, is stirred slowly at 30°C 
for 4 hours. The L-methionine and the pyruvic acid formed can be 
purified by any methods well known in the art. 



Example 12. Preparation of r .-4-phenvl-2-aminobutanoic acid 
hy E- coli K-12 T ransaminase 

Ethvl 4-phenvl-2-oxabutan oate (Chemical DvnamicsJ — (2Q6 mg f 1 

mMole) was suspe n ded in 10 milliliters of 0.1M NaQMr and the 

mixture w as stirred for 30 minutes until the PH dEPPPEd tP belQV 

fl.6. indicating co mplete hvdrolvsis of the ethvl esteit IhS 

mixture was centrifuged briefly , and the colorless supertanant 

contain^ pg 4-phenyl-2-oxob n ^noic acid podium Rait WAS de < ?ante<k - 
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A solution containing 0.700 ml pH 8.0 .■jflmH potassimn phosp hate 
buffer, 0.10 ml of the above 4-phenYl-2-oxobutanoate solution r 

Q.Q50 ml. 500mM disodium L-aspartate. 3.0 in t ernational unit of j 

malic dehydrogenase. 0.1 international un its of asp artin j 

transaminase purified from E. coli K-12. 0.1 micromole pvridoxal i 

phOSPhate (Sigma ? , and 0.25 mq nicotinamide adenine dinucl eoti de : 
in the reduced form (S^gma) was prepared. The decrease In the absorbance of the ' 

solution at 360 nrr. was indicative of reaction. This change was not observed i 

i 

in, controls in which transaminase, malic dehydrogenase, 

L-aSPartate. or 4-phenvl-2-oxobutanoate wer e the only comp onent 

Omitted. The rate Of the reaction was appro ximately 16-1 B% of 

the corresponding reaction using phenvlpy r uvate in place of 
4-phenvl-2-oxobutanoate. 

E xample 1 3. Production of L-4-Phenvl-2-Aminobutanoic Acid 

Bv immobilized Enzymes , 

Transaminase from E. coli K-12 and oxaloace tate decarboxy lase 
from Pseudomonas PUtida ATCC 950 are immobi lized on succinyl 

i 

afflinOPrOPYl Porous glass (Corning) bv covale n t attachment using 
the carPQdiimide method described by Weetall . The immobilized 
enzyme is loaded into a glass colu mn. A solution of 

l 

2 -ketP-4-phenylbutanoic acid (18 g/iiter) . r.-a spartic acin- j 
q/liter) , Pvridoxal phosphate (0.05 a/lifcpr) . Mnfv, . 6H 2 Q (2.03 

j 

Q/liter) buffered bv 50mm potassium phosphate with a o h of 7.1 is . 
Pumped through the column and the effluent is c o llected in j 

fract i ons. The extent of conversion is monitored by a ssaying for ; 

pyruvic acid using lactic dehydrog enase. The j 
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L-4"phenyl-2-aminobutanoi- acid and pyruv ic acid products are 
purified by ion exchange chromatography to yield pure 
L-4-phenv l-2-aminobutanoic ( [ tt ] 20 = -47°) and PYRUVIC 

Example 14. Preparation Of L- Phenylalanine From A 
D y L Racemic Mixture 

f 

j D.L-pheny lalanine (1-65 g/liter), pyridoxal phosphate (0.028 
j g/liter), transaminase from E. coli (2,500 units/liter), D-amino 

{ acid oxidase from porcine kidnev (1>000 units/liter), 

i 

oxaloacetate dicarboxvlase from Psuedomonas PUtida (ATCC 95Q? 
20.000 units/liter), and catalase from Aspergillus niaer (greater 
than 100 . 000 units/liter) , were mixed at a pH of 7,0 in a shallow 

l 

cylindrical vessel by rotary mixing for 80 minutes. — AliquotS 
were taken at regular intervals and assayed for pyruvate produced 
as a message of percentage conversion. 

The rate of conversion of D,L-phenvlalanine to 

L- pfrenylalanine was linear over the period 0-80 minutes, Based 

on this rate, the productivity of the catalytic system was 1,86 
nupoles D-phenyl alanine in the D,L-mixture converted to 
L-phenylalanine per hour. 

Example 15. Alternative Preparation Qf L-Phenvlalanine 
Prom A D.L Racemic Mixture 

D, L-phenylalanine (1.42 a/liter), L-asoartic acid (1,33 g/liter) , 

pyridoxal phospha te (0.056 g/liter) , MaCl 2 .6 n 2 ° (2 - Q3 o/liter) 

D-amino acid oxidase fro m porcine kidney (125 units/ml) , catalase 

from bovine liver (greate r than 100,000 units/ml), transaminase 
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from E . ggli K-12 (5 tOQQ units/liter), oxalnan e tate ^r.arboxvlass 
from Pseudomonas putida (atcc 950i 1 9.000 units/liter) w ? I -e 
i ncubated at PH 7. 1 ? by rotary shaking in a shal l ow cylindrica l 

VCSBftl. A l iQUOtS were taken at time intervals a nd assay s fo r 

pyruvate as a measure of completen ess of the reaction. Aftur in-j 
m i nutes. 3.51 mmoles pyruvate had h^Pn p roduced per liter for a 
conversion of 81%. — The productivity of the catalytic Avar^m 

Under these Co nditions wa s 3 4 6 m a T. -phenyl al anins produced from 

the D -Phenvlalanine in the D.L-mixture ner hour. 



Example If?. Preparation Of r.- Leucine Prom & 
D.L Racemic Mixture 

DiL-leucine (13. ?. a/liter). L-aspartic aci d (0.6ft oVliter) . 

pyridoxal phosphate (0.070 o/iiter) . M q n 2 . 6 h 2 q (2.03 a/liter) 



P-am i nO acid Oxidase from porcine kidney MS . 000 units/liter). 
Catalase from Aspergillus nicer M5 Q.000 nnits/literl . 

transaminase from e. coli K-12 (s.nn o units/i iter) . oxaioacetate 
decarboxylase from Pseudomonas puti d a atc.c. oso on.nnn 
units/ l iter) are incubated at 25°c an d at ph 7.5 with rotary 
Shaking in a cylindrical vessel w ith baffler to lncrsaso 

Oxygenation Of the So l ution. The react ion is followed to 

Completion bV removing aliouots and assaying f or pyruvate. 

L - l eucine i s purified from the reaction mixture bv ion exchange 
Chromatography to yield a pure product- Pyr u vic acid is also 
recovered similarly as it* sodium «aH-. 
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Example 17. Preparation Of L-Valine From A 

D.L Racemic Mixture 
D,L-Valine (23.4 a /liter). L-aspartic acid (13,3 g/liter) . 
pvridoxal p hos phate (0.060 a/liter), MaCl ? . 6H o O (2.03 q/liter) 
D-amino a cid oxidase (15,000 units/liter) , catalase (150,000 
units/liter), B. coli transaminase B, E.C. 2,6,1,6, see Monnier 
et ^1., Biochemie (1976) 58, 663-675, (IQrQQO units/liter), 
oxaloacetate decarboxylase from Pseudomonas putida ATCC 950 
(25.000 u nits/liter) are incubated with shaking and aeration at 
25°C and pH 7.5. The products L-valine and pyruvic acid are 
separated and pur ified by ion exchange methods to yield 
homogeneous L-val ine and homogeneous sodium pyruvate. 

The invention has been described in detail including the 
preferred embodiments thereof. However , it will be appreciated 
that those skilled in the art, upon consideration of the 
disclosure herein, may make modifications and improvements within 
the spirit and scope of the invention. 
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WHAT IS CLAIMED IS: 

1* A process for producing alpha amino acids or 
derivatives thereof r said process comprising reacting an 
alpha-keto acid with L-aspartic acid in the presence of 
transaminase enzyme to produce (1) an alpha amino acid 
corresponding to said alpha-keto acid and (2) oxaloacetate ; and 
decarboxylating said oxaloacetate. 



2. The process of claim 1 wherein the said transaminase 
is a purified or partially purified enzyme preparation, or is 
contained within a whole cell. 

3. The process of claim 1 wherein the said step of 
decarboxylating oxaloacetate is accomplished using an 
oxaloacetate decarboxylase enzyme. 

J 4. The process of claim 3 where the said oxaloacetate 

, decarboxylase enzyme is a purified or partially purified enzyme 
preparation , or is contained within a whole cell. 

5. The process of claim 3 wherein said transaminase and 
said oxaloacetate decarboxylase are each immobilized on an 
insoluble support. 



j 
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6. The process of claim 5 wherein said immobilization 
support is controlled pore -ceramic particle or controlled pore 
glass particle. 

7. The process of claim 5 wherein said transaminase and ; 
said oxaloacetate decarboxylase are both immobilized on the same j 
support* 

8. The process of claim 5 wherein the said transaminase j 
and oxaloacetate decarboxylase are adsorbed on diethylaminoethyl . 
cellulose. . 

j 

9. The process of claim 1 wherein said transaminase is ! 
an aromatic amino acid transaminase. 

I 

10. The process of claim 1 wherein said alpha-keto acid j 

i 

is selected from the group consisting of phenylpyruvic acid, j 

p-hyroxyphenylpyruvic acid, 3- (3-indolyl) pyruvic acid r j 

i 

3- (4-imidazoyl) pyruvic acid. j 

I 

i 

i 

11. A process in accord with claim 5 wherein j 
phenylpyruvic acid is reacted with L-aspartic acid in the j 
presence of an aromatic amino acid transaminase and an 
oxaloacetate decarboxylase, thus producing L-phenylalanine. 
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12. The process ofc claim 1 wherein the said transaminase 
is an enzyme selective for* the transamination of amino acids with 
branched side-chains. 

j 13. The process of claim 1 wherein the said alpha-keto 

acid is selected from the group consisting of 
2-oxo-3-methylbutanoic acid, 2-oxo-4-methylpentanoic acid f 
2-oxo-3-methylpentanoic acid, and 3-hydroxypy ruvic acid, 

i 

14. The process of claim 1 wherein the said transaminase 
! is an enzyme capable, of catalyzing the transamination of 

hydroxypyxuvate to L-serine. 

j 

15. The process of claim 1 wherein the said transaminase j 

is an enzyme isolated from a microorganism selected from the I 

I 

group consisting of Escherichia coli, Bacillus subtilis, j 
Achromobacter eurydice, or Klebsiella aerogenes. \ 

i 

16. The process of claim 3 wherein the said oxaloacetate * 
decarboxylase is an enzyme isolated from a microorganism selected j 
from the group consisting of Micrococcus luteus, Pseudomonas j 
putida f or Azotobacter vinelandii. 
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17, The process Of claim 3 wherein the said oxaloacetate 
decarboxylase is reacted in the presence of a metal ion selected 
i from the group consisting of Mn ++ , Cd ++ , Co ++ , Mg ++ , Ni ++ , Zn ++ , J 
!j Fe ++ , and Ca ++ . i 

! ! 1 

: ! ! 

.j 18. A process for producing aloha j 

i| 

j; L-4-phenyl-2-aminobutanoic acid or derivatives thereof, said 

* i : 

process comprising reacting 4-phenvl-2-oxQbutanoic acid with j 
L-aspartic acid in the pres ence of transaminase enzyme to produce : 
^-4-phenyl-2-aminobutanoic acid and oxaloacetate, and 
decarboxy lating said oxaloacetate. 

! ^ \ 

| 19. A pr ocess for producing L-amino acids directly from 

1 

the corresponding D. L-amino acid racemic mixture , said process 
j comprising reacting said D, L-amino acid mixture in admixture with: 
j a D-amino acid oxidase and a transaminase in the presence of a j 
j suitable amino group donor, 

i ; 

jl 20. The process o f claim 19 wherein said amino group 

| donor is L-alutamic acid, j 

21 . The process of claim 19 wherein said amino group j 

i 

doner is L-aspartic acid. j 

l 
j 

22. The process o f claim 21 wherein said admixture ! 

i 

further comprises an oxaloacetate decarboxylase, 
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22^ The process of claim 19 wh erein said admivt-.ire 

further comprises a catalasfi. 

2±* The process Of C l aim 23 wher ein said admiyhirP 

co ntains a metal oxide. 



25-* The Process Of Claim 24 wherein said metal oxide is a 

manganese oxide. 



The Process Of claim 25 wherein ths sa id manganic 

oxide is wn2Q3^- 



The Process of clam 19 whe r ein the n-amino ar.iH 

Oxidase and transaminase are each a pnr j f j Led or partially 

purified enzyme Preparation, or are contained w i thin whni e ceits. 

2&* The Process Of Claim 27 whe rein the enzymes a r e 



23-> ft Process Of Claim 28 wherein said I mmohil <*afr1"n 

Support i s Controlled POre ceramic Particle o r contrmied pnr P 
glass particle. 

The Process Of claim 2» whorein the said enzymes are 

immobilized on the same support. 



immobilized on an insolu ble support. 
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31 . The process of claim 28 wherein the said enzymes are 
adsorbed on diethvlaminoethvl cellul ose. 

! 39. The process of claim 19 wherein said transaminase j s 

;j an aromatic amin o acid transaminase. 

j i 

I: 
: ! 

ii 33. The process of claim 1 9 wherein the said transaminase 

!f 

|J is an enzyme isolt ed from a microorganism selected from the group 

j| consisting of Escheric h ia c o li . Bac ill us SU btiliSr ftchrompfracter 

i 

j eurydice. or Klebsiella aerogenes. 

i 
t 

^& - The process of cl ai m 22 w h e rein the said oxaloacetate 
decarboxylase is an enzyme isolated fro m a microorganism selected 
from the group consisting of Mi crococcus luteus. PseudPTOOnas 
! pntida. or Azotobacter vinelandii. 

35. The process of claim 22 wherein the said PxalPacetate 

I: 

|; decarboxylase is r e ached in the presence of a metal jpn se l ected 
ij from the g r oup consisting of Mn++ . Cd ++ , CP++ , m ++ , . 

j i 

r 
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